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Synthesis and in vitro evaluation of 
dioxopyrrolopyrroles as potential low-affinity 
fluorescent Ca2+ indicators 

Avcibasi, Nesibe; Smet, Mario; Metten, Bert; Dehaen, 
Wim; de Schryver, Frans C; Bultynck, Geert; 
Callewaert, Geert; de Smedt, Humbert; Missiaen, 
Ludwig; Boens, Noel 
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rslxiRCE: International Journal of Photoenergy (2004), 6 (4), 

159-167 
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DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Three new low-affinity fluorescent Ca2 + indicators excitable with visible 
light, 3-phenyl-6- (4~ (3-carboxymethoxy-4~ (N, N- 
dicarboxymethylamino) phenyl) phenyl) ~2,5-dicarboxymethyl~l, 4- 

dihydropyrrolo[3,4~c]pyrrole-l,4-dione (DPP1) , 3-phenyl-6- (5- (3-carboxymethoxy- 
4- ( N , N - di carboxyme thy 1 - amino ) phenyl ) thien- 2-yl) -2, 5-dicarboxymethyl-l,4- 
dihydropyrrolo[3,4-c] pyrrole- 1, 4 -dione (DPP2) and 
3- (thien-2-yl) -6- (5- (3-carboxymethoxy-4- (N,N- 

dicarboxymethylamino } phenyl > thien- 2 -y 1 ) - 2 , 5 -dicarboxymethy 1 - 1,4- 
dihydropyrrolo [3, 4 -c] pyrrole -1,4 -dione (DPP3 ) were synthesized and evaluated 
for their Ca2+ binding properties via fluorometric titrns. The in vitro 
dissociation constant Kd measured at 21° in 100 mM KC1 buffered solution, pH 
7.05, for the Ca2+-DPPl complex is 10 uM; for Ca2+-DPP2 and Ca2+-DPP3 a Kd 
value of 20 \M is found. All three indicators form 1: 1 complexes with Ca2+. 
The fluorescence quantum yields of the uncomplexed forms of DPP1, DPP2 and DPP3 
are 1.2 + 10-2, 3.4 + 10-2 and 3.6 + 10-2, resp. After binding to Ca2+ these 
values increase to 4.8 + 10-2, 5.0 + 10-2 and 5.1 + 10-2, resp. 
IT 853415-45-9P 853415-46-0P 853415-47-1P 

RL; PRP (Properties); SPN (Synthetic preparation) ; PREP (Preparation) 
(synthesis and in vitro evaluation of dioxopyrrolopyrroles as 
potential low-affinity fluorescent Ca2+ indicators) 
RN 853415-46-0 HCAPLUS 

CN p y rrolo[3,4-c]pyrrole-2,5(lH,4H)-diacetic acid, 

3- [5- [4- [bis (carboxymethyl) amino] -3- (carboxymethoxy) phenyl] -2-thienyl] -1,4- 
dioxo- 6 -phenyl- (CA INDEX NAME) 

CH2— C02H 

2-C02H 
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Pyrrolo [3,4-c] pyrrole -2, 5 (1H,4H) -diacetic acid, 

3- [5- [4- [bis (carboxymethyl) amino] -3- (carboxymethoxy) phenyl] -2-thienyl] -1,4- 
dioxo-6- (2-thienyl) - (CA INDEX NAME) 
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Novel family of liquid crystals based oh a knowi 

pigment material: mesomorphic derivative* 
2,5-dihydropyrrolo [3,4-c] pyrrole-l,4-dionef 



by KLAUS PRAEFCKE*, MARKUS JACHMANN, DIRK BLUNK 
and MATTHIAS HORN 
Institute of Organic Chemistry, Technische Universitat Berlin, D-10623 Berlin, 
Germany 

Presented at the Capri Symposium in Honour of George W, Gray, FRS held at the 
Hotel Palatium. Capri, 11-14 September 1996 



The chromophoric biheterocycle 2,5-dihydropyrrolo[3,4-c]pyrrole-l,4-dione (DPPD) as a 
widely variable basic core structure has been introduced into liquid crystal research and the 
first eight calamitic examples of thermomesomorphic derivatives are presented and discussed. 



1, Introduction 

Derivatives of the 3,6-diaryl-substituted biheterocyclic 
compound 2,5~dihydropyrix>lo[3,4-c]pynole-l,4-dione 
(DPPD, figure 1) constitute a relatively new class of 
chemically stable fluorescent molecules of which the first 
examples were synthesized as long as 22 years ago [2]; 
however, most work with them dates only from recent 
years [3-9]. 

Although in the course of this activity DPPDs were 
studied from various scientific and technological aspects, 
e.g. their applications as photostable and weatherproof 
pigments — orange, red, or red-violet, etc. in colour — 



laser, safety, and textile dyes, fluorescence dyes with 
large Stokes shifts, photosensitizers, or materials for the 
storage of digital data, etc. surprisingly thus far no 
reports regarding the relationship between low molar 
mass DPPDs and liquid crystalline properties are avail- 
able in the literature, 

The only connections of DPPDs with liquid crystals 
which have come to our knowledge are given in the 
references [7-9] dealing with (1) rational designs of 
multifunctional liquid crystalline conjugated polymers 
containing a Kevj-thermomesomorphic DPPD derivative 
as photosensitizer [7,9] and (2) polarized light spectro- 



Figure I. Sketch of the two-step 
synthetic route to the tetrasub- 
sdtuted 2,5-dihydropyrrolo[3,~ 
4-c]pyrrole-l,4-diones (DPPD) 
from aryinitriles and a C4-unit 
(e.g. dialkyl succinates) on heat- 
ing with base induction, 
followed by a classical 
JV-aikylation reaction. This 
chromophoric biheterocycle is 
introduced here as a new core 
system in liquid crystal 
research. 



2 {R) n -<|>-CEN 




= arylene(s); 

s a!ky!-(CH z , -O, -S, -NR') or other groups; n - number of groups R. 



*Author for correspondence. 
fSee reference [1]. 
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scopy of DPPDs with small substituents in an aniso- 
tropic environment, i.e. as additives in a macroscopically 
aligned lyotropic nematic liquid crystal [8]. 

In our opinion, the reason for this gap regarding this 
relationship between DPPD compounds and their meso- 
morphic behaviour lies clearly in the kind of substitution 
used in the arylnitriie, the main starting material for the 
3,6-diaryl DPPD derivatives (figure 1), hitherto charac- 
terized by only short substituents due to other interests 
(see above) in this fascinating chromophoric system. 

2, Experimental 

2.1. General 

The chemical structures of all final products were 
confirmed by standard methods: elemental analyses, 
NMR spectroscopy {400 MHz, solvent: CDCI3), as well 




Figure 2. Characteristic textures of two examples of light red 
calamitic liquid crystals possessing the DPPD core shown 
in the table and figure 1: the schlieren texture (nematic, N 
phase between lipophilic glass plates: top) of la at 1 13-3°C 
on heating into the isotropic liquid phase and the Ian- like 
texture (smectic, SmA phase: bottom) of lb at 107-9°C on 
cooling from the isotropic liquid phase; heating or cooling 
rates 1 Kmin" 1 . 



as mass spectrometry { Varian MAT 7 1 1, 70 eV, > 200°C, 
direct inlet). 

Instruments for further studies and calculations 
included (1) Optical microscopy: Leitz Laborlux 12 Pol 
with a Mettier FP82 microfurnace and a FP80 control 
unit; (2) DSC: Mettier TA 3000/DSC-30 S with TA 72.5 
software; (3) X-ray: Cu~K a radiation, beam width 
0-4 mm, sealed capillary; (4) semi-empirical calculations: 
MND094 3.0/AM1 procedure, standard parameter set 
of the Unichem 3.0 software package (Cray Research 
Inc.), Cray J 932/16-8192 computer, SCF field consist- 
ency achieved. 

2.2. Preparation of the DPPD derivatives la-h 
Starting from each 25 mmol of the respective arylnitriie 
[30], the preparations of the red intermediate bihetero- 
cyclic product (yields: 12-35%) were carried out ana- 
logously to earlier descriptions [3]. Following an earlier 
procedure [3] for /V-alkylations of analogous bis- 
lactams our preparations of la-h (<50% yield) were 
made on a 2 mmol scale. The phase transition data and 
types of mesophase are listed in the table; two texture 
photographs are shown in figure 2. Satisfactory ele- 
mental analyses and spectroscopic data for la-h were 
obtained. 




Figure 3. The ball-and-stick model of the new, light red 
DPPD liquid crystal lc [3,6-bis(4'-dodecyloxyphenyl)- 
2,5-dihydro-JV,Af'-dimethylpyrrolo[3,4-c]pyrrole-l ( 4-dione] 
(table), used here as an example from the 3,6-diaryl DPPD 
series to demonstrate the angle between the biheterocyclic 
molecular centre unit and the phenyl substituents attached 
to it; this was calculated (cf. §2.1) by us semi-empirically 
to be 30-40°. In its fully stretched form lc is about 43-6 A 
long and 6-! A wide. However, to enable concentration 
on the angle situation in the model shown, the chains 
have been omitted. 
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The formulae and molar masses of the eight new 
iVX-dialkylated thermotropic liquid crystal materials 
are: 

la C36H4SN2O4 (572-8), lb C40H56N2O4 (628-9), 

lc C44H64N2O4 (685 0), Id C44H48N2O4 (668-9), 

le C40H40N2O2 (580-8), If C38H4SN2O2 (568-1), 

lg CS4H64N2O2 (773-1), lh C56H68N2O2 (801-2). 

3. Results and discussion 
In an effort to test the suitability of the DPPD 
biheterocycle (see the structural formulae in the table 
and figure 1 ) as a liquid crystal core, we have begun 
work on this topic by synthesizing the eight bis-lactams 
la-h starting from various 4-arylnitriles [10] with 
longer alkyl or alkoxy chains in their ^ara-positions 
and diethyl succinate according to the literature [3], 
cf. §2. As expected, in comparison with other derivatives 
of this class of compounds [3, 5], the intermediate 
crude, as yet not /V-aSkylated products of cyclization 



are extremely high melting, deep red solids. Their N- 
alkylation led to the new target compounds la-h which 
crystallize in needles, are now light red in colour, have 
very much lower melting points than their precursors, 
and are indeed thermomesomorphic (table and 
figure 2). 

Preliminary investigations of these first DPPD liquid 
crystal materials la-h by three methods (optical 
microscopy, DSC and in part also X-ray diffraction) 
prove that they are always mono-thermomesomorphic 
and exhibit in six cases (la, ld-h) a nematic phase and 
in the two cases lb and lc (carrying the longest alkoxy 
substituents) each a smectic A phase. Figure 2 depicts 
texture photographs of both types of mesophase 
observed so far with this new family of liquid crystal 
materials which, incidentally, have a distinct tendency 
for homeotropic alignment. 

Whereas the group of three 3,6-diphenyl DPPD 
materials, la-c, exhibit only narrow mesophases slightly 
above 100 D C, the nematic phases of all the other five 
mesogens, ld-h, having two or even three — in part 



Table. Phase transition temperatures* (°C) and enthalpies (AH inklmol" 1 ) for the first eight DPPD liquid crystal (LC) materials 
la-h, light red in colour, synthesized in our laboratory. 




DPPD 

LC R R' Cr M 



Hl7 C80— CH 3 • 106-2/105-7 (59-2) N 114-0/113-7 (0-9) 

H 2i CioO— CH 3 . 106-3/105-5 (68-9) SmA 119-0/117-9(3-0) 

H 2S C 12 0~- CH 3 . 108-8/108-1 (81-9) SmA 122-7/121-6(4-7) 



CHj . 205-0/204-5 (44-3) N 335-0/336-7 (1-2) 

CH 3 . 220-0/219 0 (4-2) N 330 0/331-3 (0 1 ) 

<-^)~" CH 3 . 191-0/189-8 (23-3) N 358-0/356-2 (1-7) 

CH 3 . 248-5/248-5 (31-3) N 327-0/327-3 (0-3) 

244-1/242-2 (37-7) N 349-4/347- 1 (0-2) 



CH 3 



♦Obtained by polarizing microscopy /DSC; Cr= crystalline, M= mesophase, N=nematic, SmA = smectic A, I=isotropic liquid. 
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aromatic — six membered rings in line at both positions 
3- and 6-, prolonging the conjugation with the two 
double bonds of the DPPD core, are very much more 
stable. They appear mostly above 200°C and persist up 
to a clearing temperature close to 360°C (table). 

Concerning the conjugation in la-h, our semi- 
empirical calculations of the conformation in the 
3,6-diphenyl DPPD part of the molecules (cf. the ball- 
and-stick model in figure 3) resulted in an energy min- 
imum for an angle of 30-40° between the phenyl rings 
and the DPPD core. 

Mesogen la shows in an X-ray beam diffuse first 
order reflections which, however, are of greater sharpness 
than expected for typical nematic phases and seem to 
suggest a tendency to form a layered structure, found to 
be characteristic for the homologues lb and lc. The 
layer spacings for the latter two materials were found to 
be 32'06 and 35-42 A, respectively. 

The strong tendency to form ordered molecular struc- 
tures is also reflected during the crystallization processes 
of all members of series 1, as their melting points could 
be supercooled only by several degrees during cooling 
at a rate of IKmin -1 from their mesophases. The 
needle-like crystals are formed so quickly that the pre- 
parations crystallize entirely in less than 1 min. 
Interestingly, the melting points of la-c are hardly 
different, whereas their clearing points go up steeply by 
about 9K between la and lc (table). 

4. Conclusion 

Certainly, the diverse possibilities of substitution of 
this interesting chromophoric DPPD system, offered in 
principle through the aromatic groups at positions 3 
and 6 and the two lactam functions, indicate great 
promise for future development of not only further 



coloured calamitic mesogens, but presumably also col- 
oured phasmidic, disc-like, and polymer liquid crystal 
materials. 
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Forschungsgemeinschaft, Bonn, Germany, the European 
Union, Brussels, Belgium, and the Gesellschaft von 
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Abstract 

The synthesis of the first two liquid crystalline polysiloxanes bearing 3,6-diaryl-2,5-dihydropyrrolo-[3,4-c]pyrrole- 
1,4-dione units in their main chain are described. Investigations on their thermotropic phase behaviour by polarising 
microscopy reveal nematic or smeclic enantiotropic phases, respectively. 
© 2002 Elsevier Science Ltd. All rights reserved. 

Keywords: Polysiloxanes; Liquid crystals; Diketopyrrolopyrrole 



1. Introduction 

Derivatives of 3,6-diaryl-2,5-dihydropyrroio[3,4-c]- 
pyrroie-l,4-diones (DPPD) represent relatively new 
members of the class of high performance pigments [1]. 
Due to their excellent all-round fastness properties this 
organic chromophore has been commercialised, e.g. in 
automotive paints and construction plastics and as well 
used for laser-, fluorescence dyes with large stokes shifts 
or materials for the storage of digital data [2]. So far only 
a few reports on DPPD containing polymers and their 
materials properties are available in literature [3-8]. 
First, Yu and co-workers [4] reported the preparation of 
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a conjugated photorefractive polymer bearing a DPPD 
chromophore in its backbone by Stilie coupling. 
Recently, two different series of deeply coloured and 
fluorescent polymers have been synthesised. Thus, co- 
polyesters and urethanes with DPPD units in the main 
chain have been prepared. The chromophoric units have 
been incorporated in the backbone via their iV-alkylated 
lactam groups [5]. The same research group also reported 
a different synthetic approach, using Suzuki coupling to 
introduce DPPD cores into Tt-conjugated polymers and 
co-polymers [6] in order to enhance the photoelectro- 
luminescent [7,8] properties of this kind of macromole- 
cules. Dehaen and co-workers [9] used Suzuki coupling 
in a stepwise sequence to obtain diketopyrrolopyrrole 
oligomers of well-defined length. To our knowledge, up 
to now, no reports regarding high molecular weight liq- 
uid crystalline DPPDs can be found in the literature. 
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The present invention relates to compositii 
guest chromophore and a host chromophore, wherein the 
absorption spectrum of the guest chromophore overlaps with 
the fluorescence emission specurum of the host chro- 
mophore, wherein the host chromophore is a diketopyrrol- 
opyrrole having an absorption peak at 500 to 720 nm, 
preferably 500 !o 600 nm, most preferred 520 to 580 nm and 
wherein the guest chromophore is a diketopyrrolopyrrole 
having an absorption peak at 500 to 720 nm, preferably 500 
to 600 nm, most preferred 520 to 580 nm and their use for 
the preparation of inks, colorants, pigmented plastics for 
coatings, non-impacl-printing material, color Biters, cosmet- 
ics, polymeric ink particles, toners, dye lasers and electrolu- 
minescent devices. A luminescent device comprising a com- 
position according to the present invention is high in the 
efficiency of electrical energy utilisation and high in lumi- 
nance. 
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by heating a corresponding mixture in solid form to the 

temperature raDge from 220° to 380° C. 

A and B are, for example, each a group of formula 




wherein 

Ri and R 2 are each independently hydrogen, chloro, 
bromo, Cj-C.alkyS, Cj-C s ali<oxy, Cj-C^alkylamino, 
phenyl or — CN, 
G is — O— , — NR 7 — , — N=N— or — SO z — , 
R 3 and R„ are hydrogen, and R 7 is hydrogen, methyl or 
ethyl. 

The mixed crystals and solid solutions obtained are excel- 
lently suited for pigmenting high molecular weight mate- 
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Diketopyrrolo [3,4- c] pyrroles and 
their organic electroluminescent 

devices showing good durability 

Yauchi, Hiroyuki; Onikubo, Shunichi 

Toyo Ink Mfg. Co., Ltd., Japan 

Jpn. Kokai Tokkyo Koho, 21 pp. 

CODEN: JKXXAF 

Patent 

Japanese 

KIND DATE APPLICATION NO. 




' 2002-340206 
JP 2002-340206 



20021125 
20021125 

alkyl, aryl, 



The~"^yrroles are I (A, B = electron-withdrawing group; Rl 
heterocyclyl) . The devices emit light from yellow to red with high intensity. 
96159-03-4P 709014-74-4P 

RL: DEV (Device component use); IMF (Industrial manufacture); TEM 
(Technical or engineered material use) ; PREP (Preparation) ; USES (Uses) 

(diketopyrrolopyrroles for organic 

electroluminescent devices emitting light 

from yellow to red) 
709014-74-4 HCAPLUS 

Pyrrolo [3 , 4-c] pyrrole- 1 , 4 -dione, 3, 6 -bis [4- (1, 1-dimethylethyl) phenyl] -2,5- 
dihydro-2, 5~bis (2- thienylcarbonyl) - (CA INDEX NAME) 




709014-77-7 HCAPLUS 
Pyrrolo [ 3 , 4 - c ] py r rol e -1,4- dione , 
thienyl*-. . (CA INDEX NAME) 




2,5- dibenzoyl -2,5 - dihydro- 3 , 6 - di - 2 - 



diketopyrrolopyrrole org electroluminescent 

device yellow red; phenyl benzoyl diketopyrrolopyrrole 

org electroluminescent device 

Luminescent substances 

(electroluminescent; diketopyrrolopyrroles for 
organic electroluminescent devices emitting 
light from yellow to red) 

Electroluminescent devices 

(organic; diketopyrrolopyrroles for organic 

electroluminescent devices emitting light from yellow to red) 
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^PCT Int. Appl., 61 pp. 



English 
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APPLICATIONS^ 



WO 2003064558 
"" CA 24'69269 



_WS_2.0J13.rJEE£5A_ 



-~A~± 2-0tr3tr8T7 CA 2003-2469269 



AU 2003239272 
EP 1478713 
BR 2003007402 
CN 1625589 
JP 2005526152 
TW 275626 
MX 2004006662 
US 20050008892 
IN 2004CN01907 
PRIORITY APPLN. INFO. 



20030902 
20041124 
20041228 
20050608 
20050902 
20070311 
20041004 
20050113 
20070921 



AU 2003-239272 
EP 2003-734603 
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2 0 03,0, 
20030123 
20030123 
20030.123 
20030123 
20030123 
20030123 
20030130 
20040708 
20040713 
^_2^J14Jl8J2£_jg,=i 1 - 



"EP 2002-405067 
EP 2002-405796 
^ WO 2003-EP650 



20020201 
20020912 
__200301SJL 



Fluorescent compns . are described which comprise a guest chromophore and a host 
chromophore, where the absorption spectrum of the guest chromophore overlaps 
with the fluorescence emission spectrum of the host chromophore, where the host 
chromophore is a diketopyrrolopyrrole having a photoluminescence emission peak 
at 500 to 720 nm, preferably 500 to 600 nm, most preferred 520 to 580 nm and 
where the guest chromophore is a diketopyrrolopyrrole having an absorption peak 
at 500 to 720 nm, preferably 500 to 600 nm, most preferred 520 to 580 nm. 
Electroluminescent devices employing the compns . according to the present 
invention are also discussed. 
575451-78-4P 575451-79-5P 575451-80-8P 
575451-83-1P 

RL: DEV (Device component use); MOA (Modifier or additive use); PRP 
(Properties) ; SPN (Synthetic preparation) ; TEM (Technical or engineered 
material use); PREP (Preparation); USES (Uses) 

(fluorescent compns. comprising diketopyrrolopyrroles 

and electroluminescent devices employing the compns . ) 
575451-78-4 HCAPLUS 

Pyrrolo [3 , 4-c] pyrrole- 1, 4-dione, 3, 6-bis [4- [bis (4- 

methylphenyl) amino] phenyl] -2 , 5-dihydro-2 , 5-bis [ (4 -methylphenyl) methyl] - 
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RN 575451-79-5 HCAPLUS 

CN pyrrolo[3,4-c]pyrrole-l,4-dione, 2 , 5-dibutyl-3 , 6-bis [4- (di-2- 
naphthalenylamino) phenyl] -2, 5-dihydro- (CA INDEX NAME) 

PAGE 1-A 




575451-80-8 HCAPLUS 

Pyrrolo [3 , 4 -c] pyrrole-1 , 4-dione, 2 , 5-dihydro -3 , 6-bis [4- (2- 
naphthalenylphenylamino) phenyl] -2, 5-bis (phenylmethyl) - (CA INDEX NAME) 



POO 



RN 575451-83-1 HCAPLUS 

CN Benzonitrile, 4, 4 1 - [ [3, 6-bis [4- [bis (4-methylphenyl) amino] phenyl] -1,4- 

dioxopyrrolo[3,4-c]pyrrole-2,5{lH,4H) -diyl] bis (methylene) ] bis- (9CI) (CA 
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IT 575451-54-6P 575451-55-7P 575451-59- IP 
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RL: DEV (Device component use) ; PRP (Properties) ; SPN (Synthetic 
preparation) ; TEM (Technical or engineered material use) ; PREP 
(Preparation) ; USES (Uses) 

{fluorescent compns. comprising diketopyrrolopyrroles 
and electroluminescent devices employing the compns . ) 
RN 575451-54-6 HCAPLUS 

CN Pyrrolo [3 , 4 -c] pyrrole- 1, 4 -dione, 2, 5~dihydro-3, 6-bis (4 -methylphenyl) -2,5- 
bis(l-phenylethyl)» (CA INDEX NAME) 



RN 575451-55-7 HCAPLUS 

CN Pyrrolo [3 , 4 -c] pyrrole -1 , 4-dione, 2, 5-dihydro.-3, 6-di~l-naphthalenyl-2, 5- 
bis(l-phenylethyl) - (CA INDEX NAMB} 



RN 575451-59-1 HCAPLUS 

CN pyrrolo [3,4 -c] pyrrole- 1,4 -dione, 2 , 5-bis [1- [3- (1, 1- 

dimethylethyl) phenyl] ethyl] -2 , 5-dihydro-3 , 6-di- l-naphthalenyl- (CA INDEX 



RN 575451-68-2 HCAPLUS 

CN Pyrrolo [ 3 , 4 - c ] pyrrole - 1,4- dione , 2,5- dihydro- 3 , 6 - di - 9 -phenanthrenyl -2,5- 
bis(l-phenylethyl) - (CA INDEX NAME) 





NAME) 
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CN Pyrrolo [3, 4-c] pyrrole-1, 4-dione, 2 , 5-dihydro~2 , 5-bis [1- (2- 
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RN 3 61196-18-1 HCAPLUS 

CN Pyrrolo [3 , 4-c] pyrrole- 1, 4-dione, 2 , 5-dihydro-2 , 5-bis [ (4- 

methylphenyl) methyl] -3, 6-di-9-phenanthrenyl- (CA INDEX NAME) 




RN 482373-47-7 HCAPLUS 
CN Pyrrolo [3 , 4 -c] pyrrole-1 , 4 -dione, 
dihydro-3, 6-di- 9-phenanthrenyl- 



RN 
CN 




2, 5-bis [ (3, 5 -dimethylphenyl) methyl] -2,5- 
(CA INDEX NAME) 



575451-56-8 HCAPLUS 

Pyrrolo [3 , 4-c] pyrrole-1, 4-dione, 2 , 5-dihydro-2 , 5-bis [ (3- 
methylphenyl) methyl] -3 , 6-bis [4- (2-phenylethenyl) -1-naphthalenyl] - (CA 
INDEX NAME) 
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RN 575451-82-0 HCAPLUS 

CN pyrrolo[3,4-c]pyrrole-l,4-dione, 3 , 6 -bis [4- [bis (4 - 

methoxyphenyl) amino) phenyl] -2, 5-dihydro-2 , 5 -bis [ (3 -methyl phenyl) methyl] - 
(CA INDEX NAME} 
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IC I CM C09K011-06 

ICS H05B033-14; H01L051-20 ; C07D487-04 
ST fluorescent compn diketopyrrolopyrrole 

electroluminescent device 
IT Chromophores 

Electroluminescent devices 
Fluorescent substances 
(fluorescent compns. comprising diketopyrrolopyrroles 
and electroluminescent devices employing the compns . ) 
IT 9011-14-7, PMMA 

RL: PRP (Properties); TEM (Technical or engineered material use); USES 
(Uses) 

(diketopyrrolopyrrole- doped color changing film; 
fluorescent compns. comprising diketopyrrolopyrroles 
and electroluminescent devices employing the compns . ) 

IT 2085-33-8, Aluminum tris ( 8 -hydroxyquinolinato} 
RL: DEV (Device component use}; USES (Uses) 

(electron- transporting layer; fluorescent compns. comprising 
diketopyrrolopyrroles and electroluminescent devices 
employing the compns . } 

IT 575451-78-4P 575451-79-5P 575451-8Q-8P 
575451-83-1P 

RL: DEV (Device component use); MOA (Modifier or additive use}; PRP 
(Properties); SPN (Synthetic preparation); TEM (Technical or engineered 
material use); PREP (Preparation); USES (Uses) 

(fluorescent compns. comprising diketopyrrolopyrroles 
and electroluminescent devices employing the compns . ) 
IT 331687-86-6 

RL: DEV (Device component use) ; MOA (Modifier or additive use) ; PRP 
(Properties) ; TEM (Technical or engineered material use) ; USES (Uses) 
(fluorescent compns. comprising diketopyrrolopyrroles 
and electroluminescent devices employing the compns . ) Sheet ! 
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emitting devices using the same 

Murase, Seiichiro; Tominaga, Tsuyoshi; Kohama, Akira 

Toray Industries, Inc., Japan 
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Patent 
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US 20030082406 
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CN 1390841 
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CN 1690162 
CN 1308414 
CN 101393970 
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JP 4061969 
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20050112 
20031211 
20030115 



20060526 
20080904 
20030115 
20050115 
20051102 
20070404 
20090325 
20030320 
20080319 
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TW 2002-91107585 
JP 2002-117229 

^US 2002-126652 

SG 2002-2483 
KR 2002-22535 
CN 2002-124569 
AT 2002-252947 
CN 2005-10071206 

CN 2008-10166054 
JP 2002-150546 



20020415 ■ 
20020419 ■ 



20020422 



20020424 <-- 

20020424 <-- 

20020425 <-- 
20020425 <-- 
20020425 <-- 

20020425 <-- 
20020524 <-- 



JP 2001-127311 A 20010425 <-- 

JP 2001-158325 A 20010528 <-- 

KR 2002-22535 A3 20020424 <-- 

CN 2002-124569 A3 20020425 <-~ 

Pyrromethene metal complexes are described by the general formula I (Rl, R2, 
and each L = independently selected H, alkyl, cycloalkyl, aralkyl, alkenyl, 
cycloalkenyl, alkynyl, hydroxyl, mercapto, alkoxy, alkylthio, aryl ether, aryl 
thioether, aryl, heterocyclic, halogen, haloalkane, haloalkene, haloalkyne, 
cyano, aldehyde, carbonyl, carboxyl, ester, carbamoyl, amino, nitro, silyl, 
siloxanyl, and fused aromatic and alicyclic rings formed from Arl-4 and L; M + 
a metal having a valence of m selected from boron, beryllium, magnesium, 
chromium, iron, nickel, copper, zinc, and platinum; and Arl-5 = independently 
selected optionally substituted aryl groups with the proviso that any of Arl-4, 
together with an adjacent group selected from Rl, R2 and the or each group L 
may form a fused aromatic or alicyclic ring) . Light -emitting devices 
comprising >1 of a diketopyrrolo [3 , 4-c] pyrrole derivative and an organic 
fluorescent material having a fluorescent peak wavelength in the range 580-720 
nm; and a light -emitting device composition containing I are also described. 
361196-18-1 HCAPLUS 

PyrroloD, 4-c] pyrrole -1, 4- dione, 2 , 5-dihydro-2 , 5-bis [ (4- 
methylphenyl) methyl] -3 , 6-di-9-phenanthrenyl- (CA INDEX NAME) 
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RN 474067-31-7 HCAPLUS 

CN pyrrolo[3,4-c]pyrrole-l,4-dione, 2, 5-dihydro~2 , 5-bis [ (2- 

methylphenyl} methyl] -3, 6-di-2-naphthalenyl- {CA INDEX NAME) 




RN 474067-33-9 HCAPLUS 

CN Pyrrolo [3 , 4 -c] pyrrole- 1 , 4-dione, 2, 5-bis [( 3 , 5-dimethylphenyl) methyl] -2,5- 
dihydro-3, 6-bis {6-methoxy-2-naphthalenyl) - (CA INDEX NAME) 



OMe 




RN 474067-35-1 HCAPLUS 

CN Pyrrolo [3, 4 -c] pyrrole- 1, 4 -dione, 2 , 5-bis [ [3 , 5-bis {1 , 1- 

dimethylethyl) phenyl] methyl] - 2 , 5-dihydro-3 , 6-di-2-naphthalenyl- {CA INDEX 
NAME) 




ST pyrromethene metal complex light emitting device compn 
IT Electroluminescent devices 
Luminescent substances 
(pyrromethene metal complexes and light- emitting 

device compns . and the devices) Sheet 2 of 2 
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New photoluminescent conjugated polymers 
with l,4~dioxo-3,6-diphenylpyrrolo [3 ,4-c] 
pyrrole (DPP) and 1, 4-phenylene units in the 
main chain 

Beyerlein, Thomas; Tieke, Bernd 

Institut fur Physikalische Chemie der Universitatzu^ 



Macromolecular Rapid Communications (2000), 21(4), 

182-189 ; 

_CrffiBll^J^C.QE3_;.-J.SS-N-r-T02-2-=-n'3 6 



PUBLISHER: Wiley-VCH Verlag GmbH 

DOCUMENT TYPE: Journal 
LANGUAGE : English 

AB Palladium- catalyzed aryl-aryl coupling reaction can be applied to prepare n- 

conjugated polymers with 1, 4-dioxo-3 , 6-diphenylpyrrolo [3 , 4-c]pyrrole (DPP) and 
phenylene units in the backbone. These polymers are of orange color and showed 
a strong photoluminescence . The photochem. stability is higher than for 
corresponding saturated polymers containing isolated DPP units in the main 
chain. Good solubility and processability into thin films render the compds . 
suitable for electronic applications. The polymers show electroluminescent 
properties, the maximum emission occurring at 627 nm. 

RN 266357-56-6 HCAPLUS 

CN Poly [ (2, 5~dihexyl-2, 3, 5, 6-tetrahydro-3 , 6-dioxopyrrolo [3, 4-c]pyrrole~l,4- 
diyl) <2' , 5'-dihexyl[l,l' j4',1" -terphenyl] -4,4' '-diyl)] OCX) (CA INDEX 
NAME) 




ST photoluminescent conjugated polymer 

dioxodiphenylpyrrolopyrrole phenylene; electroluminescent 
conjugated polymer dioxodiphenylpyrrolopyrrole 
phenylene 
IT Luminescence 

Luminescence, electroluminescence 
(preparation and properties of photoluminescent conjugated 
polymers with dioxodiphenylpyrrolopyrrole and phenylene units 
in main chain) 
IT 266357-54-4P 

RL: RCT (Reactant) ; SPN (Synthetic preparation); PREP (Preparation); RACT 
{Reactant or reagent) 

(preparation and polymerization of) 
IT 266357-55-5P 266357-56-6P 

RL: PRP (Properties) ; SPN (Synthetic preparation) ; PREP (Preparation) 

(preparation and properties of photoluminescent) 
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127:37215a,37218a 

Polymer izable diketo pyrrolopyrroles , their 

preparation and (co) polymerization 

Eldin, Sameer Hosam; Iqbal, Abul; Hao, Zhimin; 
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APPLICATION NO. 



' 19970122 <-- 



CA 2196139 
TW 4 42505 
CN 1165824 
V US 5750723 _ 
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19970731 

20010623 
~199TTT2re~- ~~ 
_J.998 0512_\ 



CA 1997-2196139 
TW 1997-86100902 
. CN 1997-102513 
US 1997-789895 
JP 1997-16468 
CH 1996-228 



19970128 <-- 

19970128 <-- 

19970129 <-- 

19970129 <-- 

19970130 <-- 
A 19960130 




AB The polymerizable dyes, which can be incorporated in or grafted to polymers to 
be colored, have the structure I (Rl, R2 = H, C12-24 alkyl, C6-24 alkyl 
interrupted by >1 O or S, C02R5; R3 = polymerizable group; R4 = H, halo, Me, 
OMe, CN, Ph, R3, C6-24 alkyl or alkoxy or alkyl thio optionally interrupted by 
>1 O or S; R5 = C4-18 alkyl, C5-10 cycloalkyl) . Thus, p-methoxybenzonitrile 
was cyclocondensed with diisopropyl succinate to give I {Rl = R2 = H, R3 = R4 = 
4-OMe), which was alkylated with 2 mol Br {CH2CH20) 2Et and hydrolyzed in CH2C12 
in the presence of BBr3 to give I [Rl = R2 = (CH2CH20) 2Et , R3 = R4 = 4 -OH] 
(II) . II was copolymd. with hexamethylene diisocyanate to give an orange-red 
polyurethane . 
IT 194029-85-1P 194029-87-3P 194295-76-6P 

RL: IMF {Industrial manufacture); PREP (Preparation) 

(preparation and polymerization of pyrrolopyrroledione dyes to colored 
polymers) 

ST pyrrolopyrroledione dye polymerizable 
IT Dyes 

(preparation of polymerizable pyrrolopyrroledione dyes) 
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134 :273272 

FluorescentdijEeJ^jcccolopyrroles 

Robert r~HaOj)thiniin; Yamamoto, Hiroshi 
Ciba Specialty ChemicalB-^Holding Inc., Switz . 
Eur. Pat. Appl. 
!ODEN^..EEXXDlL 



20000919 




20060901 
20030805 
20010410 
20070830 
20031002 



TW 2000-89118230 
US 2000-735080 
JP 2000-288313 
KR 2000-56659 
US 2003-354602 
EP 1999-810867 
US 2000-735080 



20000906 • 

20000907 • 
20000922 
20000927 
20030130 

A 19990927 
A3 20000907 



O Arl 




I 



AB Fluorescent diketopyrrolopyrrole derivs. are described by the general formula I 
(Arl, Ar2 = independently selected (un) substituted cyclic groups; Rl, R2 = 
independently selected (un) substituted alkyl or allyl groups). Methods for 
preparing the derivs. are described which entail treating a precursor 
diketopyrrolopyrrole derivative are also described. A method of coloring high 
mol. weight organic materials (e.g., a polyamide, a polystyrene, preferably 
high impact polystyrene, polymethylmethacrylate or an ABS copolymer) by 
incorporating the derivs., as well as colored compns. incorporating the derivs. 
along with high mol. weight organic materials are also described. The use of 
the diketopyrrolopyrrole derivs. for the preparation of inks, colorants, 
pigmented plastics for coatings, non- impact-printing material, color filters, 
cosmetics, or for the preparation of polymeric ink particles, toners, dye 
lasers, and electroluminescent devices is also described. 
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Electroluminescent devices comprising 
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Otani, Junji; Yamamoto, Hiroshi; Dan, Norihisa; Iqbal, 
AJbulj^pj^tJdL,-^^^ 

Ciba Specialty Chemicals Holding Inc. 
_^Eur. Pat. Appl., 44 pp. 
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Patent 
English 
KIND DATE 



APPLICATION NO. 



EP 1087006 
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EP 2000-810848 



TW 503255 
US 7060843 
EP 1329493 
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JP 2001139940 
JP 3854792 
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JP 2006319347 
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2000- 
2000- 
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2000 
2003 



89117516 
657738 
9036 



-56530 
-425201 



US 



2006- 
1999- 
2000- 
2000- 
2000- 



158476 
810868 
657738 
810848 
288030 



20000829 
20000908 
20000919 



20000926 ■ 
20030429 ■ 

20060607 ■ 
A 19990927 - 
A3 20000908 ■ 
A3 20000919 • 
A3 20000922 • 




Electroluminescent devices are described which employ fluorescent 
diketopyrrolopyrrole derivs. described by the general formulas I and II {Arl , 
Ar2 = independently selected (un) substituted cyclic groups; Rl, R2 = 
independently selected (un) substituted alkyl or allyl groups; and Z = a 
diradical selected from a single bond, C2-6 alkylene, which can be substituted 
one to three times with Cl-4 alkyl, Cl-4 alkoxy, or Ph, phenylene, or 
naphthylene) in the light -emitting layers. The fluorescent 
diketopyrrolopyrrole derivs. are also claimed. Methods for preparing the 
derivs. are described which entail treating a precursor diketopyrrolopyrrole 
derivative are also described. A method of coloring high mol. weight organic 
materials (e.g., a polyamide, a polystyrene, preferably high impact 
polystyrene, polymethylmethacrylate or an ABS copolymer) by incorporating the 
derivs . , as well as colored compns . incorporating the derivs . along with high 
mol. weight organic materials are also described. 
331687-86-6 

RL: DEV (Device component use) ; USES (Uses) 
(electroluminescent devices comprising 

diketopyrrolopyrrole derivs. and the derivs. and their preparation) 
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styryl compounds and diketopyrrolopyrroles, 

and red- emitting organic 

electroluminescent devices using them 

Suda, Yasumasa; Toba, Yasumasa; Tanaka, Hiroaki; 
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Toyo Ink Mfg. Co., Ltd., Japan 

Jpn, Kokai Tokkyo Koho, 65 pp. 
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The materials contaln^jsityjryJ^^ hydrocarbyl, 
— a^matirc~-hyaxocarby 1 , aliphatic heterocyclyl, aromatic heterdcyclyT; X1-X3 = 
aromatic heterocyclylene; R3R22, R4R24, R5R31, R6R33, R7R34, R8R36, R9R45, and 
R10R47 may form ring} , and diketopyrrolopyrroles III [R11-R16 = H, aliphatic 
hydrocarbyl, aromatic hydrocarbyl, aliphatic heterocyclyl, aromatic 
heterocyclyl; X4, X5 = O, (un) substituted imino, (un) substituted CH2] . Thus, an 
organic electroluminescent device having an emitter layer containing I (R3 « R4 
~ R5 = R6 = OMe, XI = 2 , 5-dicyano-l, 4-phenylene, other = H) and III {Rll = R12 
= R13 » R14 = 4-MeOC6H4, R15 = R16 = H', Arl = Ar2 = 1, 4-phenylene, X4 » X5 = 0) 
showed high luminescence intensity and color purity at low operation voltage, 
and lengthened service life. 
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[57] ABSTRACT 

Solid solutions consisting of 3,6-bis(biphenyl-4-yS)- 2,5- 
dihydropyrrolo[3,4-c]pyrrolc-l,4-dione and either a) a sec- 
ond 1,4-diketopyrrolopyrrole or b) a qtiinacridone, which 
are further defined herein, are outstandingly suited lo pig- 
menting high molecular weight organic material. 
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[57] ABSTRACT 

Ternary solid solutions useful as pigments are disclosed. The 
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AB The pyrrolopyrrolediones {I; A, Q = aromatic group; X = H, R02C; Z = C02R, 
where R = organic group) are obtained for use as UV- fluorescent pigments. 
Thus, l,4-diketo-3,6- diphenylpyrrolo [3, 4-c] pyrrole was treated with di-tert-Bu 
carbonate to give I (A = Q = Ph; X = Z= tert-butoxycarbonyl ) . 
ST pyrrolopyrroledione fluorescent pigment 
IT Luminescent substances 
Recording materials 

(preparation of diketopyrrolopyrrole fluorescent 
pigments) 
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AB To manifest photorefractive effects, a polymer must possess a photocharge 
generator, a charge transporter, a charge trapping center, and a nonlinear 
optical {NL0} chromophore. The authors utilize the Stille coupling reaction to 
synthesize a novel type of multifunctional polymer that contains a conjugated 
backbone (with p-phenylene, 2,5- thiophenediyl , and pyrrolo [3 , 4-c] pyrrole -1,3- 
dione-3,6-diyl units) and a (stilbene group- containing) second-order NL0 
chromophore. The expectation that the polymers will possess photoref ractivity 
(PR) is the design idea behind the structure of the polymers. Because the 
conjugated backbone absorbs photons in the visible region and is 
photoconductive, it is expected to play the triple role of charge generator, 
charge transporter, and backbone. Thus, the four functionalities necessary to 
manifest the PR effect exist simultaneously in a single polymer. Second 
harmonic generation and photocond. measurements reveal that the polymers are 
NLO active and photoconductive. Two beam-coupling expts . clearly indicate asym. 
optical energy exchange, which is an unambiguous demonstration of PR. 
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CN Pyrrolo [3 , 4-c] pyrrole- 1 , 4-dione , 2 , 5-dihexyl~ 2 , 5-dihydro-3 , 6 -bis (4- 
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AB Electroluminescent devices are described which employ as a light -emitting 
material compds. described by the general formula I (Zl and Z2 are 
independently selected from O and S; Rl and R2 are independently selected from 
H, CI -18 alkyl groups, C3-18 alkenyl groups in which the double bond is not in 
the CI position, or a phenylalkyl group with a Cl-5 alkyl group; Al and A2 are 
independently selected from 3-pyridyl, 4-pyridyl, or groups described by the 
general formula II in which XI and X5 are independently selected from H, Cl-5 
alkyl groups, Cl-5 alkoxy groups, or halogens, and XI, X3, and X4 are 
independently selected from H, Cl-5 alkyl groups, Cl-5 alkoxy groups, 
dialkylamino groups with 1-5 C/alkyl group, Ph, CN, -CF3, or halogens). 
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(electroluminescent elements with light - 
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ST pyrrolopyrrole deriv electroluminescent device 

IT Electroluminescent devices 

(using pyrrolopyrrole derivs. as light- 
emitting layers) 
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RL: PRP (Properties) 

(electroluminescent elements with light- 
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Fluorescent 3 , 6~diaryl-2 , 5-dihydropyrrolo [3 , 4 -c] pyrrole- 1, 4 -diones (I; R 1 = H; 
R = Me, tert-Bu; n = 0-2) and 3 , 6-diaryl-2 , 5-dihydro-2 , 5-dimethylpyrrolo [3 , 4- 
clpyrrole -1,4 -diones (I; R 1 = Me; R = Me, tert-Bu; n = 0-2} were prepared from 
RnC6H4-nCN and di-Et succinate followed by optional methylation. I (R = tert- 
Bu) were photostable in organic solvents. If a conformational conversion 
followed the excitation, Stokes shifts of £70 nm with fluorescent quantum 
yields of £95% were obtained in CHC13. 
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